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A WE WE2CU ~RIAL -~ ~ PEN-I SAYCIXIARMAPPLICATIONS

J. T. Cald-11, E. F. AMtar, W. Bernsrd, J. H. Biari, E. R. Shunk
W A2aM Eciemtific Mboratory, Ma Al~o, RmwFbxico 87M3, USA

AbaCract

Wa -o -loped s clasa sf vehicle
~tal mitora baoed m shialded ba g-try
mtrom countimg. We have derived and erperi-
mtally verified an aulytitil erpreasiIM
relating the detectim ●emitivi?y of tha
%atxoo trmmal” vehicle portal -itor to far
&aign para=tsro of the oyotam. For ● given
tiar of =utron detector-, thio dtaign
acbi-es ome or more order. of matnitude
bprova~t in rmclosr-terials detectim
semaitivity over previma -hicla portal
mitora.

1. Imtrdduction

Maintaining ur ●ffectively safeguarded
parimater around nuclear fuel storage and pro-
-asi~ facilities i- of increscing concern. In
puticular, vehicular traffic in and out of much
f-ilitiaa preoentc major surveillance problems.
W-held inatruwnta used in s manual search
mode =e nor, generally, ● utiofsctory solution
to thti probiem.

W. proptwe uoing ● nonincruoivo, ohielded,
whiele portal mnitor bmoad on nautron detac-
tim in ● 4n oolid ●ngle counting geometry.
Tt.{s monitor is ● nhielded polyethylene-lined
structure large enough to accnmdate tha largeat
vehicle requiring ina~ctia. On the enclooure
-ha md cetling, w plsco ● grid of %e filled
proportimal counters to provida neutron detec-
tia. A vehicla is counted when it i- driven
into the enclosure. Comparison with the ax-
pated Oo-utterials background determines the
premnco or ●boence of nuclear material within
tti vehicle. A picture of our prototype
“rnutron tmural” vahicle portal msnitor is shown
in?ig. 1.

2 . Houtron Phynics of the Detection System

In ● #lab-geome:ry neutron detectia
cyotem, detection efficiency is proportional to
detector solid mgle with typical maxim.m ob-
sarmd intrinsic detection ●fficienc.e~ o& .
battar than 5-10% for fiaoia spectrum neutr.ms.
Bacauae of the oimple proportionality to solid
●clo, ouch oyste~ S1OO dloplay ● highly non-
uniform oenoitivity for nuclear mtcrial placed
● t different l~atirma within ●nd ●long ●

vaticle. With typical paiaenger and Iicht truck
vehicloo, the ocnaitivity can range over ●

factor of 5-10. Uoually, the vehicle inspection
Otatlm ●t a nuclear uterialo facility i-
lmated in ● I.igh and/or variable neutron back-
ground ●nvironment. TIIIO generate- ● corre-
opmdirrgly high and/or fluctuating bac~round in
slab dotactorn with ●ttendant 1O-O of nuclear
materiela detection ●enoltivity.

In mr shielded 4n neutron detectioo
system, m th other hand, m obmarva a graatly
mlmneed datection cenmltivity. The wltipla
reflecthm cf mderated neutron. within tha
Polyathylana enclosure io raaponsible for thio
Oboarvation. Baaed cm oolid angle calculations,
w observa typical intrinsic detection ●fficien-
cios in exceaa of 100% for fiscim spe:trum
mutron ●ourceo. If proporcimel countero are
miformly spaced ●long the enclooure wallo and
tailing, ●s fihoun in Fig. 1, w oboerve ● uni-
fom sensitivity aa a function of nuclear
mtarial Pealtionwithin the rehicla. O.eorntri-
cally, w oboerve thio uniformity to be ~ lx
cveryuhero withio light truck md paooenger
T&iclea within a 2.UJ m x 3.05 m cross ●cction
mcloaum 6.1O M long. (Those ●re the dtin-
●imo of tho prototype neutron tunnel rnhown in
Pig. 1). We oeo local perturbations in sensi-
tivity due to neutron ●baorbing or moderating
uterialn within the vehicle, but thece ● re
ga.rslly at the <+ 10% level, 4a shown in
Fig. 2.

Becauae the vehicle to be inopected ●nd
tha detection system mre surrounded by tha poly-
●thylane ●nclonure, it ia feasible And deoirable
to provide ●xt~rnal neutrofi chielding around
Zhia ●nclosure. Thin ●laminates high and/or
fluctuating nelltron backgrounds produced by
mmby nuclear mteriala otorage or handling and
reoulta in anhnnced detection sensitivity for
nuclear uteriala within the vehicle inspected.

3. l!x’lmrimental ●nd Cmlculational Result-

We have built and teoted mdel enclosures
ranging in rnicv from a total ●nclosed surface
area of 2 m2 to 82 ❑2. The 82 m2 ●nclo8ure ia
suitable for in~pecting light tWCkb and pao-
●mger vehicles (Fig. 1). Monte Carlo neutron
c@le calculation- have been perforwd for ●n-
clooures up to 520 ❑z , an ●ppropriate aiza for
inspecting railroad freight caro and largo
tractor trailer units.

With all enclooure sizas, we have found
uniformity of reaponce independent of pooition
within the ●nclonure, (Fis. 2). We have ●lao
ftind that the efficiency of ●nclosurea of dif-
ferent ●i;ea @caleo simply ● a the ratio of pro-
jected proportional counter ● rea to ●ncloaurq
surface ●rea. ThL oc~ling ia accurate to about
+ 10% over th~ tetted range of 2 m2 to 520 m2,
The proportionality constant In the scaling
factor dependo principally upon detector pro-
partiea, neutron source energy, ●nd thickneaa of
the reflecting polyethylene layer.

For 5.08 cm diameter proportional counters
filled with 3fle to 2 ●tm, ● 2.56-cm-thick
polyethylene reflecting layer (> 20-cm-thick
concreta wmllt are aosumed to s~ield the poly-
●thylene liner ●nd produce ●dditional reflec-
tlom) and bare fisoion source nautronfi, the



proportionality consta.~t is K- 1.7 ~ 0.2. If
the 3~e counter pressure is lowered to 1 atm,
K = 1.2. If the polyethylene liner thickness is
decreased to 1 cm (~ 20-cm-thick concrete wells)
K“= 1.4. If ● bare AMP source is used, K = 2.0;
if ● moderated (5 cm pol~ethylene moderetor)
fiesion ●outcc is used, It = 3.0.

4. Detection Seneitivitv as a Function of
Enclosure Parameters

The eea level equivalent coumic-ray back-
ground for 5.08 cm diameter, 2 atm 3He propor-
r’.mal countere is about 7 cps per m2 of pro-
jected counter surface areti. The largest indi-
vi&al counters we have used are 5.08 cm in
diameter x 183 cm long, or 0.G93 m2 in pro-
jected area. This prototype tunnel shown in
Fig. 1 contains ?9 such proportional counters
for a total projected area of 2.79 m2. If it
ie aeaumed that the enclosure shielding provides
s coemic-ray shielding factor of S, then a pro-
portional counter detector system of projected
● rea Aw(m2) develops an average background
count of

~ = 7 APCT (1)
s

in a counting time of T ;econd.s. (S = 1.4 for
25 cm of concrete and S 30 for 5 m of dirt.)

Consider a net signal level 50 above this
background count as being an appropriate nuclear
materials detection level. If ~in is the
minimum nuclear material neutron source (in
neutrons per second) giving rise to this signal,
then we can equate:

Net signal = ,“min KT*PC - 5 n (2)

%

where AT is the enclosure surface area in m2
and for a fission source (and 2 atm 3He counters)
K-1.7. Combining Eq. (1) and Eq. (2) Ieada to:

M
= 7.8%

min — “
~

(3)

Thus, we have a simFle expression for the
enclosure’s detection sensitivity in terms cf
ita design parameters: AT (size), S (cosmic-
ray shielding), T (inspection time), and Apc
(number of proportional counters). For the
82 m2 prototype tunnel, with 30-5.08 cm x 183 cm
proportional counters, S - 1.4 (25 cm concrete),
and an inspection time of 10 a, we obtain ~in =
102 n/e. For an inspection time of 200 s, kin
= 23 n/s. The latter value corresponds to about
0.1 g of typical reactor grade plutonium oxide or
abcut 0.6 kg of UF6 feed material. In a 520 U12
e~closure, the minimum detectable signal is a
factor of about six greater than the above ex-
ample if all other parameter are constant.

Equation (3) can be used to trade off engineer-
ing, architectural, cost, and counting-time con-
atrainte to obtain an optimal system.

In Fig. 2 we show the reaulta of actual
vehicle inspections done with nuclear msterials
in a typicel half-ton American made pickup
truck. We did the measurements in the un-
shielded neutron tunnel shown in Fig. 1 at an
elevation of 2000 m above sea level. With the
2000 m coemic-ray background, we observed an
average reactor grade Pu02 sensit~r
200 ● inspectiome (5u above background) of
270 mg. When the!se dnta are scaled to the ❑ ore
typical sea level cosmic-ray background levels
inaide e lightly shielded (S = 1.4) tunnel, the
50 eenaitivity is 100 mg of reactor grade Pu02.

5. Effect8 of Nuclear flaterials Shielding
on Sensitivity

Neutronics shielding around nuclear
material in a vehicle denrea.ses detection sensi-
tivity i? proportion to its shielding factor.
Becauee i:utron shielding !s bulky, concealing
lerge masses of nuclear materials from the
tunnel detestlon Jystem requires large shielding
massee. To provide s factor of 100 reduction in
fission neutron output, for exsmple, requires a
berated polyethylene shielding thickness of
about 25 cm, which corresponds to 100 kg or
more. Preliminary measurements with the 82 m2
tunnel ahow that ~ 20 kg of berated polyethylene
or an equivalent .hermal neutron abs~rber
produces a detectable perturbation in ?he
neutronics properties of the enclosure. The
perturbation is easily observed by introducing a
weak eource of thermal neutrons in the vicinity
of the neutron absorber. This measurement might
●now detection of massively shielded neutron
materials even though the shielding itself pr?-
vente a direct detection. The number of “legit-
imate” berated polyethyler~e bearing vehicles i~l
likely to be small, making the false alarm rate
from such inspections correspondingly small.

We aleo find that the presence of nt?utron
absorbing materials reduces neutron tunnel
cosmic-ray background. In particular, Fig. 3
shows the absorbing effects of iron ‘nd the
observed change in cosmic-ray backgr~und as a
function of vehicle mass.

6. Use of Inspection Data

The previously described tunnei enclosure
detection system, when coupled with an appropri-
ate microprocessor and data processing algo-
rithm, provides an “alsrm” gvfno go type output
with automatic background update, Quantitative
resuLta can also be easily recorded. Then, with
suitable analysis, such as is discussed in a
companion paper by C. N. Henry, the results of
several days, weeks or even months of inspec-
tions can be analyzed collectively, greatly en-
hancing the probability of detection of a syste-
matic “sub threshold” diver:+on of nuciear
materials.



7. Conclusion

We developed a class of vehicle portal
monitors baaed on shielded 4T geometry neutron
counting. We constructed and teoted various
sizes of prototype portals. Discovery of a
simple general scaling law enables us to
determine analytically the effects of system
decign parameters on system sensitivity.
Equation (3) gives this simple functional
dependence.

~ical system sensitivity for a “tunnel”
enclosure is one or mre orders of magnitude
greater than that obtained with the s~me number

of proportional count rs used in a conventional
slab geometry. The tur,lel enclosure system dis-
plays a highly uniform sensitivity for nuclear
materials in any part of the vehicle and is in-
tzinaicall~ shielded from external backgrounds.

T%e He proportional counters used in
this system are highly reliable. The prototype
system containing 30 proportional counters
(Fig. 1) has been in continuous operation for
over three months without a singl,? malfunction
of a proportional counter or of counting
electronics.



Figure Captions

Fig. 1. Prototype l~Neutrm ~n~l” vehicle portal m~itor=

Fig. 2. Nuclear materials detection sensitivity m a function of
position within neutron tunnel.

Fig. ~. Effect of vehicle mass on tunnel background.
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Fig. 2
Nuclearmate+ls detection sensitivity
within neutron tunnel.
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